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Rotating black hole as energy reservoir

Kerr black hole hypothesis (M & a) 



Kerr black hole hypothesis (M & a) Entropy of black hole ~ to the event horizon area:

Black hole mechanics and  Thermodynamics have uncanny correspondence! 

Black hole area non-decrease states that 29% of BHõs energy is available for extraction.

For extremely rotating SMBH of ρπsolar mass the available energy is ρπeV

Ergosphere: 

Inside the ergosphere changes its sign

Energy extraction requires negative energy inflow

Rotating black hole as energy reservoir



First energy extraction mechanism: Penrose process (1969)

Schematic plot of Penrose process Conservation laws:

Efficiency of Penrose process: After several algebraic manipulations and setting

Maximum efficiency of Penrose process is 21%



Historical development of the idea

Original Penrose process ÅPenrose(1969) ðthe energy can be extracted with 

the efficiency limited to 20.7%

ÅBardeen et al. & Wald(1972, 1974) ðPenrose process 

is unrealizablein astrophysical conditions. 

ÅPiranet al.(1975/ 77) ðCollisional Penrose process

ÅRuffini& Wilson (1975) ðElectromagnetic energy 

extraction by charge separation in accreting

magnetized plasma

ÅBlandford& Znajek(1977) & later numerous MHD

simulations ðefficiency up to few 100%

ÅWaghet al. (1985) ðElectromagneticversion of 

Penrose process ðefficiency can exceed 100%

ÅMany other versions of above mentioned processes 

with different efficienciesof up to few 100%

ÅTursunovet al. (2019, 2020) ðefficiency ρπϷ

for protons in case of SMBHs

Efficiency is defined as:



Black holes are weakly magnetized

·Dynamics of surrounding plasma or accretion disk of BH

·Magnetic field of the companion or collapsed progenitor star

·MF of SgrA* ~ ρπG. Characteristic MF for ρπὓἄ is ρπG; forρπὓἄcan exceedρπG.

e.g. Magnetarwith ρπGhas been 

found at 0.3 light years from Galactic 

Centerby Effelsbergobservatory

·MF is weak ðit does not modify the spacetimegeometry

·Cannot neglect MF effects on the charged matter

·This ratio for SgrA* ~ ρπ

·Measurements: Faraday rotation, synchrotron 

radiation, etc.



Black holes are weakly charged

Å Assume that MF shares spacetimesymmetries

Å implies that                          and                       , i.e. electric field is induced

Å This will cause a selective accretion into BH and consequent NET-charging of BH.

Å Solution of Maxwell eqs. for uniform MF 

Å

Å (Wald, 1974)

Å Potential difference is neutralized by accretion

until BH accretes positive net charge 

Å Therefore, there are two solutions: 

1) BH with zero charge (formal mathematical solution)

2) BH with net electric charge (physical solution)

Å SgrA* charge is Ἅ(Zajacek, et al., 2018,19,20)

Å Magnetosphere is charged as well
Å In a similar way, rotation of BH in MF induces EF

and BH with the magnetosphere acts as dynamo! 

Å



Dynamics of the flare components

Giventhenonzeronetchargedensityfromchargeseparationin aplasma,onecan

getupperandlowerlimitsontheLorentzforce

TighterconstraintswegetfromGRAVITYflaresfitting

Tursunov et al., ApJ (2020)



Energy extraction regimes

1.   Low:  Penrose limit Ȣ
(neutral matter)

2.   Moderate: same as BZ 

(charged matter)

3.   Ultra: novel regime 

(ionization of neutral

matter)

Å Integrals of motion:

Å Conservation laws:

Å Efficiency definition:

Å Result:

Å There exist 3 regimes of BH energy extraction: Low, Moderate and Ultra

MPP in ULTRA regime


